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(57) ABSTRACT

A heat management device may include: a heat circuit
comprising a heat exchanger passage, a radiator passage
communicating with the heat exchanger passage, and a
battery passage communicating with the heat exchanger
passage by bypassing the radiator passage; a heat exchanger
cooling heat medium by heat exchange; a radiator exchang-
ing heat between outside air and the heat medium in the
radiator passage; a control valve changing a channel of the
heat medium in the heat circuit; a pump pumping out the
heat medium in the heat circuit from the heat exchanger
passage to the battery passage and from the heat exchanger
passage to the radiator passage; and a controller. The con-
troller may execute: a heating operation for heating the heat
medium in the battery passage by a battery; and a circulation
operation for cooling the heat medium in the radiator
passage by the radiator.
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FIG. 7
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1
HEAT MANAGEMENT DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to Japanese Patent Appli-
cation No. 2020-065907 filed on Apr. 1, 2020, the contents
of which are hereby incorporated by reference into the
present application.

TECHNICAL FIELD

The technology disclosed herein relates to a heat man-
agement device.

BACKGROUND

Japanese Patent Application Publication No. 2017-
150352 describes a heat management device to be mounted
on a vehicle. The heat management device includes a
plurality of heat circuits (a heater circuit, an engine circuit,
and the like) in which heat media respectively circulate. For
example, the heat management device heats air in a cabin of
the vehicle using the heat medium in the heater circuit as a
heat source. Moreover, the heat management device cools an
engine with the heat medium in the engine circuit. The heat
medium in the engine circuit is cooled by a radiator.

SUMMARY

For example, when a temperature of outside air is low or
when a temperature of a heat medium in a radiator is low, the
radiator may be frosted. Frost on the radiator could be an
impediment to heat exchange of the heat medium in the
radiator. To remove the frost on the radiator, the radiator is
heated to melt the frost. The present disclosure proposes a
technology that enables efficient acquisition of heat energy
for heating a radiator.

A heat management device disclosed herein may be
configured to be mounted on a vehicle. The heat manage-
ment device may comprise: a heat circuit in which heat
medium circulates, the heat circuit comprising a heat
exchanger passage, a radiator passage communicating with
the heat exchanger passage, and a battery passage commu-
nicating with the heat exchanger passage by bypassing the
radiator passage; a heat exchanger configured to cool the
heat medium in the heat exchanger passage by heat
exchange; a battery configured to be cooled by the battery
passage; a radiator configured to exchange heat between
outside air and the heat medium in the radiator passage; a
control valve configured to change a channel of the heat
medium in the heat circuit; a pump configured to pump out
the heat medium in the heat circuit from the heat exchanger
passage to the battery passage and from the heat exchanger
passage to the radiator passage; and a controller, wherein the
controller is configured to execute: a heating operation by
controlling the control valve and the pump such that the heat
medium in the heat circuit circulates between the heat
exchanger passage and the battery passage so as to heat the
heat medium in the battery passage by the battery; and a
circulation operation by controlling the control valve and the
pump such that the heat medium heated by the heating
operation circulates between the heat exchanger passage and
the radiator passage so as to cool the heat medium in the
radiator passage by the radiator.
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According to this configuration, heat energy generated in
the battery can be utilized for heating the radiator. This
eliminates the need to generate heat energy aiming to heat
the radiator in the vehicle.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a circuit diagram of a heat management device
according to embodiments.

FIG. 2 is a circuit diagram showing an air-heating opera-
tion.

FIG. 3 is a circuit diagram showing an air-cooling opera-
tion.

FIG. 4 is a circuit diagram showing a battery-cooling
operation.

FIG. 5 is a circuit diagram showing an electrical appara-
tus-cooling operation.

FIG. 6 is a circuit diagram showing a radiator-heating
process.

FIG. 7 is a flowchart of a radiator heating-determination
process.

DETAILED DESCRIPTION

Technological elements of a heat management device
disclosed herein will be listed below. The technological
elements below are independently useful.

In an aspect of the heat management device disclosed
herein, the controller may be configured to prohibit the
heating operation in a case where a temperature of the
battery is out of a predetermined range, the predetermined
range being greater than or equal to 0° C.

Depending on the temperature of the battery, it may be
inappropriate to use a heat of the battery for execution of the
heating operation. For example, if the battery has a low
temperature, the heat medium could not be heated suffi-
ciently in the heating operation. In such a case, execution of
the heating operation can be avoided.

In an aspect of the heat management device disclosed
herein, the controller may be configured to prohibit the
heating operation in a case where the temperature of the
battery is less than 15° C. The battery used for the vehicle
may decrease in performance in the case where the tem-
perature of the battery is less than 15° C. Prohibiting the
heating operation in the case where the temperature of the
battery is less than 15° C. thus can avoid hindering the
battery from recovering from decrease in performance.

In an aspect of the heat management device disclosed
herein, the controller may be configured to prohibit the
circulation operation in a case where a temperature of the
heat medium in the heat circuit is less than 0° C. In the case
where the temperature of the heat medium is less than 0° C.,
even the execution of the circulation operation cannot melt
the frost on the radiator. Prohibiting the circulation operation
in the case where the temperature of the heat medium is less
than 0° C. thus can avoid unnecessary operation of the heat
management device.

The controller may be configured to simultaneously
execute the heating operation and the circulation operation
by controlling the control valve such that the heat medium
in the heat circuit flows from the heat exchanger passage to
both the battery passage and the radiator passage. According
to this configuration, heating and cooling of the heat medium
can be executed simultaneously.

The controller may be configured to alternately execute
the heating operation and the circulation operation by con-
trolling the control valve. According to this configuration,



US 11,745,561 B2

3

separately executing the heating operation and the circula-
tion operation enables appropriate switching between the
heating operation and the circulation operation in accor-
dance with the temperature of the heat medium and the like.

First Embodiment

A heat management device 100 according to an embodi-
ment shown in FIG. 1 includes a first heat circuit 10, a
second heat circuit 20, and a third heat circuit 30. Heat
media respectively flow in the first heat circuit 10, the
second heat circuit 20, and the third heat circuit 30. Respec-
tive channels of the first heat circuit 10, the second heat
circuit 20, and the third heat circuit 30 in which the heat
media flow are independent from each other. The respective
heat media in the first heat circuit 10, the second heat circuit
20, and the third heat circuit 30 may be constituted of the
same material or different materials. Hydrofluorocarbons
can be used as the heat media, for example. The heat
management device 100 is configured to be mounted on a
vehicle. The heat management device 100 can execute an
air-cooling operation of cooling air in a vehicle cabin by
using an evaporator 63. Moreover, the heat management
device 100 can execute an air-heating operation of heating
the air in the vehicle cabin by using a heater core 74. The
heat management device 100 can cool a battery 51, a
transaxle 43, a power control unit (PCU) 47, and a smart
power unit (SPU) 46.

The first heat circuit 10 includes a low-temperature radia-
tor passage 11, a bypass passage 12, an electrical apparatus
passage 13, a battery passage 14, a chiller passage 15, a
connection passage 16, and a connection passage 17.

A low-temperature radiator 41 is disposed in the low-
temperature radiator passage 11. The low-temperature radia-
tor 41 is configured to exchange heat between the heat
medium in the low-temperature radiator passage 11 and
outside air (i.e., air outside the vehicle). In a case where a
temperature of the outside air is lower than the temperature
of the heat medium in the low-temperature radiator passage
11, the heat medium in the low-temperature radiator passage
11 is cooled by the low-temperature radiator 41. In a case
where the temperature of the outside air is higher than the
temperature of the heat medium in the low-temperature
radiator passage 11, the heat medium in the low-temperature
radiator passage 11 is heated by the low-temperature radiator
41.

A downstream end of the electrical apparatus passage 13
is connected to an upstream end of the bypass passage 12
and an upstream end of the low-temperature radiator passage
11 via a three-way valve 42. An upstream end of the
electrical apparatus passage 13 is connected to a down-
stream end of the bypass passage 12 and a downstream end
of the low-temperature radiator passage 11. A pump 48 is
disposed in the electrical apparatus passage 13. The pump 48
pumps out the heat medium in the electrical apparatus
passage 13 downstream. The three-way valve 42 is config-
ured to switch channels to switch states between a state
where the heat medium flows from the electrical apparatus
passage 13 to the low-temperature radiator passage 11 and a
state where the heat medium flows from the electrical
apparatus passage 13 to the bypass passage 12. When the
pump 48 operates while the three-way valve 42 is controlled
such that the heat medium flows from the electrical appa-
ratus passage 13 to the low-temperature radiator passage 11,
the heat medium circulates in a circulation channel config-
ured with the electrical apparatus passage 13 and the low-
temperature radiator passage 11. When the pump 48 operates
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while the three-way valve 42 is controlled such that the heat
medium flows from the electrical apparatus passage 13 to
the bypass passage 12, the heat medium circulates in a
circulation channel configured with the electrical apparatus
passage 13 and the bypass passage 12.

The SPU 46, the PCU 47, and an oil cooler 45 are
disposed in the electrical apparatus passage 13. The SPU 46
and the PCU 47 are disposed upstream of the pump 48, and
the oil cooler 45 is disposed downstream of the pump 48.
The SPU 46 and the PCU 47 are configured to be cooled by
heat exchange with the heat medium in the electrical appa-
ratus passage 13. The oil cooler 45 is a heat exchanger. An
oil-circulation path 18 is connected to the oil cooler 45. The
oil cooler 45 cools oil in the oil-circulation path 18 by heat
exchange between the heat medium in the electrical appa-
ratus passage 13 and the oil in the oil-circulation path 18.
The oil-circulation path 18 is disposed to pass through the
transaxle 43. The transaxle 43 has a motor built therein. The
motor built in the transaxle 43 is a traction motor configured
to rotate a drive wheel of the vehicle. A part of the oil-
circulation path 18 is configured with a sliding portion (i.e.,
a bearing) of the motor. In other words, the oil in the
oil-circulation path 18 is lubricating oil for the inside of the
motor. An oil pump 44 is disposed in the oil-circulation path
18. The oil pump 44 circulates the oil in the oil-circulation
path 18. When the oil cooled by the oil cooler 45 circulates
in the oil-circulation path 18, the motor built in the transaxle
43 is cooled. The SPU 46 controls charging and discharging
of the battery 51. The PCU 47 converts DC power provided
from the battery 51 into AC power and provides the AC
power to the motor built in the transaxle 43.

A downstream end of the chiller passage 15 is connected
to an upstream end of the battery passage 14 and an
upstream end of the connection passage 16 via a three-way
valve 49. An upstream end of the chiller passage 15 is
connected to a downstream end of the battery passage 14 and
a downstream end of the connection passage 17. In other
words, the battery passage 14 communicates with the chiller
passage 15 by bypassing the low-temperature radiator pas-
sage 11. An upstream end of the connection passage 17 is
connected to a downstream end of the connection passage 16
by the low-temperature radiator passage 11. A pump 53 is
disposed in the chiller passage 15. The pump 53 is config-
ured to pump out the heat medium in the chiller passage 15
downstream. The three-way valve 49 is configured to switch
channels to switch states among three states including a state
where the heat medium flows from the chiller passage 15 to
the battery passage 14, a state where the heat medium flows
from the chiller passage 15 to the connection passage 16,
and a state where the heat medium flows from the chiller
passage 15 to both the battery passage 14 and the connection
passage 16. When the pump 53 operates while the three-way
valve 49 is controlled such that the heat medium flows from
the chiller passage 15 to the battery passage 14, the heat
medium circulates in a circulation channel configured with
the chiller passage 15 and the battery passage 14. When the
pump 53 operates while the three-way valve 49 is controlled
such that the heat medium flows from the chiller passage 15
to the connection passage 16, the heat medium circulates in
a circulation channel configured with the chiller passage 15,
the connection passage 16, the low-temperature radiator
passage 11, and the connection passage 17. When the pump
53 operates while the three-way valve 49 is controlled such
that the heat medium flows from the chiller passage 15 to
both the battery passage 14 and the connection passage 16,
the heat medium circulates in both the circulation channel
configured with the chiller passage 15 and the battery



US 11,745,561 B2

5

passage 14 and the circulation channel configured with the
chiller passage 15, the connection passage 16, the low-
temperature radiator passage 11, and the connection passage
17.

A chiller 52 is disposed in the chiller passage 15. The
chiller 52 is disposed downstream of the pump 53. The
chiller 52 is configured to cool the heat medium in the chiller
passage 15 by heat exchange between the heat medium in
the chiller passage 15 and the heat medium in the second
heat circuit 20 (more specifically, in a chiller passage 22
described below).

A heater 50 and the battery 51 are disposed in the battery
passage 14. The battery 51 is configured to provide DC
power to the PCU 47. In other words, the battery 51 is
configured to provide power via the PCU 47 to the motor
built in the transaxle 43. The battery 51 is configured to be
cooled by heat exchange with the heat medium in the battery
passage 14. The heater 50 is disposed upstream of the battery
51. The heater 50 is an electric heater and heats the heat
medium in the battery passage 14.

The second heat circuit 20 includes the chiller passage 22,
an evaporator passage 24, and a condenser passage 26. A
downstream end of the condenser passage 26 is connected to
an upstream end of the chiller passage 22 and an upstream
end of the evaporator passage 24 via a three-way valve 65.
An upstream end of the condenser passage 26 is connected
to a downstream end of the chiller passage 22 and a
downstream end of the evaporator passage 24. A compressor
66 is disposed in the condenser passage 26. The compressor
66 supplies the heat medium in the condenser passage 26
downstream while compressing the heat medium. The three-
way valve 65 switches channels to switch states between a
state where the heat medium flows from the condenser
passage 26 to the chiller passage 22 and a state where the
heat medium flows from the condenser passage 26 to the
evaporator passage 24. When the compressor 66 operates
while the three-way valve 65 is controlled such that the heat
medium flows from the condenser passage 26 to the chiller
passage 22, the heat medium circulates in a circulation
channel configured with the condenser passage 26 and the
chiller passage 22. When the compressor 66 operates while
the three-way valve 65 is controlled such that the heat
medium flows from the condenser passage 26 to the evapo-
rator passage 24, the heat medium circulates in a circulation
channel configured with the condenser passage 26 and the
evaporator passage 24.

A condenser 67 and a modulator 68 are disposed in the
condenser passage 26. The condenser 67 is disposed down-
stream of the compressor 66, and the modulator 68 is
disposed downstream of the condenser 67. The heat medium
supplied by the compressor 66 is a high-temperature gas.
The heat medium which is a high-temperature gas thus flows
into the condenser 67. The condenser 67 is configured to
cool the heat medium in the condenser passage 26 by heat
exchange between the heat medium in the condenser pas-
sage 26 and the heat medium in the third heat circuit 30
(more specifically, in a condenser passage 32 described
below). The heat medium in the condenser passage 26
condenses by being cooled in the condenser 67. The heat
medium that has passed through the condenser 67 is there-
fore a low-temperature liquid. The heat medium which is a
low-temperature liquid therefore flows into the modulator
68. The modulator 68 removes air bubbles from the heat
medium which is a liquid.

An expansion valve 61 and the chiller 52 are disposed in
the chiller passage 22. The chiller 52 is disposed down-
stream of the expansion valve 61. The heat medium that has
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passed through the modulator 68 (i.e., the heat medium that
is a low-temperature liquid) flows into the expansion valve
61. The heat medium is decompressed as passing through
the expansion valve 61. The heat medium that is a low-
pressure and low-temperature liquid therefore flows into the
chiller 52. The chiller 52 heats the heat medium in the chiller
passage 22 and cools the heat medium in the chiller passage
15 by heat exchange between the heat medium in the chiller
passage 22 and the heat medium in the chiller passage 15. In
the chiller 52, the heat medium in the chiller passage 22 is
heated to thereby evaporate. The heat medium in the chiller
passage 22 thus efficiently absorbs heat from the heat
medium in the chiller passage 15. The heat medium in the
chiller passage 15 is thereby cooled efficiently. The heat
medium in the chiller passage 22 that has passed through the
chiller 52 (i.e., the heat medium that is a high-temperature
gas) is compressed by the compressor 66 and transferred to
the condenser 67.

An expansion valve 64, the evaporator 63, and an evapo-
rator pressure regulator (EPR) 62 are disposed in the evapo-
rator passage 24. The evaporator 63 is disposed downstream
of the expansion valve 64, and the EPR 62 is disposed
downstream of the evaporator 63. The heat medium that has
passed through the modulator 68 (i.e., the heat medium that
is a low-temperature liquid) flows into the expansion valve
64. The heat medium is decompressed when passing through
the expansion valve 64. The heat medium that is a low-
pressure and low-temperature liquid therefore flows into the
evaporator 63. The evaporator 63 heats the heat medium and
cools the air in the vehicle cabin by heat exchange between
the heat medium in the evaporator passage 24 and the air in
the vehicle cabin. In other words, the evaporator 63 executes
air-cooling in the vehicle cabin. In the evaporator 63, the
heat medium is heated by heat exchange to thereby evapo-
rate. The heat medium thus efficiently absorbs heat from the
air in the vehicle cabin. The air in the vehicle cabin is
thereby cooled efficiently. The EPR 62 controls the flow rate
of the heat medium in the evaporator passage 24 to control
the pressure in the evaporator 63 to be approximately
constant. The heat medium that has passed through the EPR
62 (i.e., the heat medium that is a high-temperature gas) is
compressed by the compressor 66 and transferred to the
condenser 67.

The third heat circuit 30 includes the condenser passage
32, a heater core passage 34, and a high-temperature radiator
passage 36. A downstream end of the condenser passage 32
is connected to an upstream end of the heater core passage
34 and an upstream end of the high-temperature radiator
passage 36 via a three-way valve 73. An upstream end of the
condenser passage 32 is connected to a downstream end of
the heater core passage 34 and a downstream end of the
high-temperature radiator passage 36. A pump 72 is dis-
posed in the condenser passage 32. The pump 72 pumps out
the heat medium in the condenser passage 32 downstream.
The three-way valve 73 switches channels to switch states
between a state where the heat medium flows from the
condenser passage 32 to the heater core passage 34 and a
state where the heat medium flows from the condenser
passage 32 to the high-temperature radiator passage 36.
When the pump 72 operates while the three-way valve 73 is
controlled such that the heat medium flows from the con-
denser passage 32 to the heater core passage 34, the heat
medium circulates in a circulation channel configured with
the condenser passage 32 and the heater core passage 34.
When the pump 72 operates while the three-way valve 73 is
controlled such that the heat medium flows from the con-
denser passage 32 to the high-temperature radiator passage
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36, the heat medium circulates in a circulation channel
configured with the condenser passage 32 and the high-
temperature radiator passage 36.

The condenser 67 and a heater 71 are disposed in the
condenser passage 32. The condenser 67 is disposed down-
stream of the pump 72, and the heater 71 is disposed
downstream of the condenser 67. The condenser 67 heats the
heat medium in the condenser passage 32 and cools the heat
medium in the condenser passage 26 by heat exchange
between the heat medium in the condenser passage 32 and
the heat medium in the condenser passage 26. The heater 71
is an electric heater and heats the heat medium in the
condenser passage 32.

The heater core 74 is disposed in the heater core passage
34. The heater core 74 is configured to heat the air in the
vehicle cabin by heat exchange between the heat medium in
the heater core passage 34 and the air in the vehicle cabin.
In other words, the heater core 74 executes air-heating in the
vehicle cabin.

A high-temperature radiator 75 is disposed in the high-
temperature radiator passage 36. The high-temperature
radiator 75 cools the heat medium in the high-temperature
radiator passage 36 by heat exchange between the heat
medium in the high-temperature radiator passage 36 and the
outside air.

The heat management device 100 includes a controller 80.
The controller 80 is configured to control each part of the
heat management device 100.

Next, operations that the controller 80 can execute will be
described. The controller 80 can execute an air-heating
operation, an air-cooling operation, a battery-cooling opera-
tion, an electrical apparatus-cooling operation, and a radia-
tor-heating process.

(Air-Heating Operation) In the air-heating operation, the
controller 80 controls each part of the heat management
device 100 as shown in FIG. 2. In the third heat circuit 30,
the three-way valve 73 is controlled such that the heat
medium flows from the condenser passage 32 to the heater
core passage 34, and the pump 72 operates. The heat
medium therefore circulates in a circulation channel 102
configured with the condenser passage 32 and the heater
core passage 34. In the second heat circuit 20, the three-way
valve 65 is controlled such that the heat medium flows from
the condenser passage 26 to the chiller passage 22, and the
compressor 66 operates. The heat medium therefore circu-
lates in a circulation channel 104 configured with the
condenser passage 26 and the chiller passage 22. In the first
heat circuit 10, the three-way valve 49 is controlled such that
the heat medium flows from the chiller passage 15 to the
connection passage 16, and the pump 53 operates. The pump
48 is stopped. The heat medium therefore circulates in a
circulation channel 106 configured with the chiller passage
15, the connection passage 16, the low-temperature radiator
passage 11, and the connection passage 17.

In the circulation channel 106 in FIG. 2, the low-tem-
perature heat medium cooled by the chiller 52 flows into the
low-temperature radiator 41. The temperature of the heat
medium flowing into the low-temperature radiator 41 is
therefore lower than the temperature of the outside air. The
heat medium is thus heated in the low-temperature radiator
41. Consequently, the high-temperature heat medium heated
by the low-temperature radiator 41 flows into the chiller 52.
In the chiller 52, the heat medium in the chiller passage 15
(i.e., the circulation channel 106) is cooled and the heat
medium in the chiller passage 22 (i.e, the circulation
channel 104) is heated. In the circulation channel 104,
therefore, the high-temperature heat medium heated by the
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chiller 52 flows into the condenser 67. In the condenser 67,
the heat medium in the condenser passage 26 (i.e., the
circulation channel 104) is cooled and the heat medium in
the condenser passage 32 (i.e., the circulation channel 102)
is heated. In the circulation channel 102, therefore, the
high-temperature heat medium heated by the condenser 67
flows into the heater core 74. The heater core 74 heats the air
in the vehicle cabin by heat exchange between the heat
medium in the circulation channel 102 and the air in the
vehicle cabin. The air heated by the heater core 74 is blown
by a fan (not shown). As described above, the air in the
vehicle cabin is heated. As is clear from the description
above, heat is provided to the heater core 74 via the heat
medium in the circulation channel 104 (i.e., the heat medium
in the second heat circuit 20). In other words, in the
air-heating operation, the heater core 74 heats the air in the
cabin of the vehicle using heat of the heat medium in the
second heat circuit 20 as a heat source.

(Air-Cooling Operation) In the air-cooling operation, the
controller 80 controls each part of the heat management
device 100 as shown in FIG. 3. In the third heat circuit 30,
the three-way valve 73 is controlled such that the heat
medium flows from the condenser passage 32 to the high-
temperature radiator passage 36, and the pump 72 operates.
The heat medium therefore circulates in a circulation chan-
nel 108 configured with the condenser passage 32 and the
high-temperature radiator passage 36. In the second heat
circuit 20, the three-way valve 65 is controlled such that the
heat medium flows from the condenser passage 26 to the
evaporator passage 24, and the compressor 66 operates. The
heat medium therefore circulates in a circulation channel
110 configured with the condenser passage 26 and the
evaporator passage 24. The first heat circuit 10 is not
involved in the air-cooling operation.

In the circulation channel 108 in FIG. 3, the high-
temperature heat medium heated by the condenser 67 flows
into the high-temperature radiator 75. The temperature of the
heat medium that flows into the high-temperature radiator 75
is therefore higher than the temperature of the outside air.
The heat medium is thus cooled in the high-temperature
radiator 75. Consequently, the low-temperature heat
medium cooled by the high-temperature radiator 75 flows
into the condenser 67. In the condenser 67, the heat medium
in the condenser passage 32 (i.e., the circulation channel
108) is heated and the heat medium in the condenser passage
26 (i.e., the circulation channel 110) is cooled. Thus, in the
circulation channel 110, the low-temperature heat medium
cooled by the condenser 67 flows into the evaporator 63. The
evaporator 63 cools the air in the vehicle cabin by heat
exchange between the heat medium in the circulation chan-
nel 110 and the air in the vehicle cabin. The air cooled by the
evaporator 63 is blown by a fan (not shown). As described
above, the operation of cooling the air in the vehicle cabin
is executed.

(Battery-Cooling Operation) The battery-cooling opera-
tion is executed when the temperature of the battery 51 rises
to a temperature higher than or equal to a reference value. In
the battery-cooling operation, the controller 80 controls each
part of the heat management device 100 as shown in FIG. 4.
In the third heat circuit 30, the three-way valve 73 and the
pump 72 are controlled such that the heat medium circulates
in the circulation channel 108 configured with the condenser
passage 32 and the high-temperature radiator passage 36. In
the second heat circuit 20, the three-way valve 65 and the
compressor 66 are controlled such that the heat medium
circulates in the circulation channel 104 configured with the
condenser passage 26 and the chiller passage 22. In the first



US 11,745,561 B2

9

heat circuit 10, the three-way valve 49 is controlled such that
the heat medium flows from the chiller passage 15 to the
battery passage 14, and the pump 53 operates. The heat
medium therefore circulates in a circulation channel 112
configured with the chiller passage 15 and the battery
passage 14.

The circulation channel 108 in FIG. 4 operates as in FIG.
3 (i.e., in the air-cooling operation). The heat medium in the
condenser passage 26 (i.e., the circulation channel 104) is
therefore cooled by the condenser 67. In the circulation
channel 104, therefore, the low-temperature heat medium
cooled by the condenser 67 flows into the chiller 52. In the
chiller 52, the heat medium in the chiller passage 22 (i.e., the
circulation channel 104) is heated and the heat medium in
the chiller passage 15 (i.e., the circulation channel 112) is
cooled. In the circulation channel 112, therefore, the low-
temperature heat medium cooled by the chiller 52 flows into
the battery passage 14, and the battery 51 is thereby cooled.
As described above, the operation of cooling the battery 51
is executed.

In the battery-cooling operation, the heat medium may
flow in the heater core passage 34 in place of the high-
temperature radiator passage 36. In this case, the heater core
74 cools the heat medium in the third heat circuit 30 and
heats the air in the vehicle cabin. In this operation, the
battery 51 is cooled and the air in the vehicle cabin is heated
by the heater core 74 using waste heat generated from the
battery 51.

(Electrical Apparatus-Cooling Operation) The electrical
apparatus-cooling operation is executed while the SPU 46,
the PCU 47, and the motor built in the transaxle 43 operate.
The electrical apparatus-cooling operation may be executed
when the temperature of at least one of the SPU 46, the PCU
47, and the motor exceeds a reference value. In the electrical
apparatus-cooling operation, the controller 80 controls each
part of the heat management device 100 as shown in FIG. 5.
Neither the third heat circuit 30 nor the second heat circuit
20 is involved in the electrical apparatus-cooling operation.
In the first heat circuit 10, the three-way valve 42 is
controlled such that the heat medium flows from the elec-
trical apparatus passage 13 to the low-temperature radiator
passage 11, and the pump 48 operates. The heat medium
therefore circulates in a circulation channel 114 configured
with the electrical apparatus passage 13 and the low-tem-
perature radiator passage 11. In the electrical apparatus-
cooling operation, the oil pump 44 operates and the oil in the
oil-circulation path 18 circulates.

In the circulation channel 114, the high-temperature heat
medium heated by the SPU 46, the PCU 47, and the oil
cooler 45 flows into the low-temperature radiator 41. The
temperature of the heat medium that flows into the low-
temperature radiator 41 is therefore higher than the tem-
perature of the outside air. The heat medium in the low-
temperature radiator passage 11 (i.e., the circulation channel
114) is thus cooled by the low-temperature radiator 41. In
the circulation channel 114, therefore, the low-temperature
heat medium cooled by the low-temperature radiator 41
flows into the electrical apparatus passage 13, and hence the
SPU 46 and the PCU 47 are cooled. The oil cooler 45 cools
the oil in the oil-circulation path 18 with the low-tempera-
ture heat medium. Consequently, the cooled oil is provided
to the motor built in the transaxle 43, and the motor is
thereby cooled. As described above, the electrical apparatus-
cooling operation to cool the electrical apparatus (i.e., the
SPU 46, the PCU 47, and the motor) is executed.

As described above, the circulation channel 112 formed in
the first heat circuit 10 in the battery-cooling operation does
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not include the low-temperature radiator passage 11. In other
words, the circulation channel 112 bypasses the low-tem-
perature radiator passage 11. Moreover, the circulation chan-
nel 114 formed in the first heat circuit 10 in the electrical
apparatus-cooling operation does not include the chiller
passage 15. In other words, the circulation channel 114
bypasses the chiller passage 15. The battery-cooling opera-
tion and the electrical apparatus-cooling operation can there-
fore be executed independently with no interference
between the circulation channel 112 and the circulation
channel 114. For example, the battery-cooling operation can
be executed without execution of the electrical apparatus-
cooling operation, the electrical apparatus-cooling operation
can be executed without execution of the battery-cooling
operation, and the battery-cooling operation and the electri-
cal apparatus-cooling operation can be executed simultane-
ously. Since the circulation channel 112 bypasses the elec-
trical apparatus passage 13 and the circulation channel 114
bypasses the battery passage 14, the circulation channel 112
and the circulation channel 114 can be separated completely.

The circulation channel 106 formed in the first heat circuit
10 in the air-heating operation includes neither the battery
passage 14 nor the electrical apparatus passage 13. In other
words, the circulation channel 106 bypasses the battery
passage 14 and the electrical apparatus passage 13. This
prevents the temperature of the heat medium in the circu-
lation channel 106 from lowering during the air-heating
operation due to heat exchange with apparatus not involved
in the air-heating operation. The air-heating operation can
thereby be executed with higher efficiency.

(Radiator-Heating Process)

The radiator-heating process is executed in a case where
a condition is established by a radiator heating-determina-
tion process to be described below. Frost on the low-
temperature radiator 41 is thereby removed.

In the radiator-heating process, the controller 80 controls
each part of the heat management device 100 as shown in
FIG. 6. Neither the second heat circuit 20 nor the third heat
circuit 30 is not involved in the radiator-heating process. In
the first heat circuit 10, the three-way valve 49 is controlled
such that the heat medium flows from the chiller passage 15
to both the battery passage 14 and the connection passage
16, and the pump 53 operates. Therefore, both the state
where the heat medium circulates in the circulation channel
112 configured with the chiller passage 15 and the battery
passage 14 and the state where the heat medium circulates
in the circulation channel 106 configured with the chiller
passage 15, the connection passage 16, the low-temperature
radiator passage 11, and the connection passage 17 are
established in parallel.

In the radiator-heating process, a heating operation of
heating the heat medium that flows in the battery passage 14
by the battery 51 is executed in the circulation channel 112,
while the battery 51 is cooled. The heat medium heated by
the battery 51 in the heating operation passes through the
three-way valve 49 and flows into the connection passage
16. In the circulation channel 106, a circulation operation in
which the heat medium heated by the battery 51 flows into
the low-temperature radiator 41 is executed. The low-tem-
perature radiator 41 is thereby heated by the heat medium,
while the heat medium is cooled. Consequently, the frost on
the low-temperature radiator 41 melts. As described above,
defrosting of the low-temperature radiator 41 is executed.

(Radiator Heating-Determination Process)

Next, with reference to FIG. 7, the radiator heating-
determination process executed by the controller 80 will be
described. The radiator-heating process is executed when a
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defrosting condition is established. The defrosting condition
is established when the above-mentioned air-heating opera-
tion is executed for a predetermined period or longer. In the
air-heating operation, electric power of the battery 51 is
utilized. Consequently, the battery 51 generates heat, and the
heat is stored in the battery 51. On the other hand, in the
air-heating operation, the heat medium cooled by the chiller
52 flows through the circulation channel 106 and flows into
the low-temperature radiator 41. Consequently, the low-
temperature radiator 41 may be frosted. In addition to or in
place of the above-described condition, the defrosting con-
dition may be established in a case where the temperature of
the outside air is lower than or equal to a predetermined
temperature (e.g., 0° C.).

When the defrosting condition is established, the control-
ler 80 initially determines, in S12, whether the temperature
of the battery 51 is in a predetermined range. The battery 51
may decrease in performance and resistance depending on
its temperature when in use. Thus, in a case where the
temperature of the battery 51 is out of a specific temperature
range, input of electric power to the battery 51 and output of
electric power from the battery 51 are restricted. The pre-
determined range is a specific temperature range, and is, for
example, from 15° C. to 47° C. This configuration can
prevent a situation where, while the battery 51 is under the
restricted state, cooling of the battery 51 hinders the battery
51 from recovering from the restriction.

In a variant, the predetermined range is not limited to the
above-described range. For example, a lower limit of the
predetermined range may or may not be set. In a case where
the lower limit is set, it may be higher than or equal to 0° C.,
or may be a temperature of any of 1° C.,2°C.,3°C.,4° C.,
5°C,6°C.,7°C,8 C,9°C,10°C,, 11° C, 12° C., 13°
C., 14° C., and 15° C. Moreover, an upper limit of the
predetermined range may or may not be set. In a case where
the upper limit is set, it only needs to be greater than the
lower limit. The upper limit may be, for example, any
temperature from 40° C. to 60° C., or may be a temperature
ofany of 45° C., 46° C., 47° C., 48° C,, 49° C., 50° C,, 51°
C,52°C.,53°C., 54°C,55°C., 56° C., 57°C., 58°C., 59°
C., and 60° C.

In a case where the temperature of the battery 51 is out of
the predetermined range (NO in S12), the radiator heating-
determination process terminates. The processes from S14
are thereby prohibited in the case where the temperature of
the battery 51 is not in the predetermined range. The radiator
heating process is thereby prohibited. On the other hand, in
a case where the temperature of the battery 51 is in the
predetermined range (YES in S12), the controller 80 deter-
mines whether the temperature of the heat medium is higher
than or equal to 0° C. in S14. In a case where the temperature
of the heat medium is less than 0° C. (NO in S14), the
radiator heating-determination process terminates. The pro-
cesses from S16 are thereby prohibited in the case where the
temperature of the heat medium is less than 0° C. In the case
where the temperature of the heat medium is less than 0° C.,
frost on the low-temperature radiator 41 cannot be melt even
if the heat medium flows into the low-temperature radiator
41. In the radiator heating-determination process, the radia-
tor-heating process is not executed in the case where the
temperature of the heat medium is less than 0° C. This
configuration eliminates the need to execute the radiator-
heating process in a circumstance where the frost on the
low-temperature radiator 41 is unlikely to melt. In a variant,
the controller 80 may control the three-way valve 49 before
executing S14 such that the heat medium flows from the
chiller passage 15 to the battery passage 14 to thereby
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circulate the heat medium in the circulation channel 112
only for a predetermined period. The process in S14 may
thereby be executed after the heat medium is heated by the
battery 51. In other words, in the case where the temperature
of the heat medium is less than 0° C., the heating operation
in which the heat medium that flows in the battery passage
14 is heated by the battery 51 may be executed in the
circulation channel 112 while the circulation operation in
which the heat medium heated by the battery 51 flows into
the low-temperature radiator 41 may be prohibited.

In the case where the temperature of the heat medium is
higher than or equal to 0° C. (YES in S14), the controller 80
executes the radiator-heating process in S16. The controller
80 subsequently determines in S18 whether a termination
timing for the radiator heating process has arrived. The
termination timing arrives when, for example, a predeter-
mined period has elapsed after the radiator-heating process
was started in S16. The predetermined period may be a fixed
period, or may be a variable period that varies depending on
the temperature of the outside air, the temperature of the heat
medium, and the like. In the latter case, the controller 80
may store data representing a relation between a predeter-
mined period and a temperature of the outside air, a tem-
perature of the heat medium, and the like, which is prede-
termined in advance by experiment or simulation.

Ina case where the termination timing has not yet been
arrived (NO in S18), the controller 80 returns to S12. On the
other hand, in the case where the termination timing has
arrived (YES in S18), the controller 80 terminates the
radiator-heating process in S20, and the radiator heating-
determination process is terminated.

The controller 80 can also execute operation(s) other than
the above-mentioned operations and radiator-heating pro-
cess. For example, the controller 80 can execute an opera-
tion to heat the battery 51 by causing the heater 50 to heat
the heat medium while circulating the heat medium in the
circulation channel 112. This operation is executed when the
battery 51 reaches an excessively low temperature in, for
example, a cold climate area. Moreover, the controller 80
can execute an operation to heat and defrost the low-
temperature radiator 41 by causing the heater 50 to heat the
heat medium while circulating the heat medium in the
circulation channel 112. This operation is executed in a case
where the radiator-heating process is not executed (i.e., in a
case of NO in S12 or NO in S14). Furthermore, the con-
troller 80 can execute air-heating by the heater core 74 by
causing the heater 71 to heat the heat medium while circu-
lating the heat medium in the circulation channel 102. This
operation is executed when the above-mentioned air-heating
operation cannot be executed. Moreover, the controller 80
can execute an operation to prevent temperatures of the SPU
46, the PCU 47, and the motor from rising by circulating the
heat medium in the circulation channel configured with the
electrical apparatus passage 13 and the bypass passage 12.

With the heat management device 100, the radiator-
heating process enables heating of the low-temperature
radiator 41 by utilizing heat energy generated when the
battery 51 is used. This eliminates the need to generate heat
energy only for defrosting the low-temperature radiator 41.
The battery 51, which is configured to supply electric power
to the traction motor for the vehicle, has a heat capacity
larger than that of other equipment mounted on the vehicle
(e.g., the PCU 47). The temperature of the battery 51 is thus
less likely to decrease once it rises. Thus, after the tempera-
ture of the battery 51 rises because of, for example, charging
of the battery 51 or high-load driving of the vehicle, the
battery 51 can store sufficient heat energy for defrosting. The
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heat management device 100 utilizes the heat energy stored
in the battery 51, and hence can prevent a situation in which
defrosting by the radiator-heating process cannot be
executed owing to insufficient heat energy.

Second Embodiment

Features different from the first embodiment will be
described. In the heat management device 100 according to
the present embodiment, the three-way valve 49 is alter-
nately switched. in the radiator-heating operation, to switch
states between the state where the heat medium flows from
the chiller passage 15 to the battery passage 14 and the state
where the heat medium flows from the chiller passage 15 to
the connection passage 16. This allows, in the radiator-
heating process, states to be alternately switched between
the state where the heat medium circulates in the circulation
channel 112 and the state where the heat medium circulates
in the circulation channel 106. This enables execution of the
heating operation and the circulation operation. The heating
operation is an operation in which circulation of the heat
medium in the circulation channel 112 allows the heat
medium to be heated in the battery 51. The circulation
operation is an operation in which circulation of the heat
medium in the circulation channel 106 allows the heat
medium that flows into the low-temperature radiator 41 to be
cooled by which the frost on the low-temperature radiator 41
melts. In the present embodiment, the three-way valve 49
may switch channels to switch states between the state
where the heat medium flows from the chiller passage 15 to
the battery passage 14 and the state where the heat medium
flows from the chiller passage 15 to the connection passage
16, and does not need to switch to the state where the heat
medium flows from the chiller passage 15 to both the battery
passage 14 and the connection passage 16.

(Corresponding Relationships)

The first heat circuit 10 is an example of “heat circuit”.
The chiller 52 is an example of “heat exchanger”, the
three-way valve 49 is an example of “control valve”, the
pump 53 is an example of “pump”, and the low-temperature
radiator 41 is an example of “radiator”.

Specific examples of the present disclosure have been
described in detail, however, these are mere exemplary
indications and thus do not limit the scope of the claims. The
art described in the claims include modifications and varia-
tions of the specific examples presented above.

In the above-described embodiments, the three-way valve
49 is disposed in the first heat circuit 10. However, the first
heat circuit 10 only needs to be provided with a valve that
can at least switch states between the state where the heat
medium flows from the chiller passage 15 to the battery
passage 14 and the state where the heat medium flows from
the chiller passage 15 to the connection passage 16. For
example, the three-way valve 49 may be replaced by on-off
valves configured to respectively switch the battery passage
14 and the connection passage 16 between a communicating
state and a closed state. In this case, the on-off valves are
examples of the “control valve”. The controller 80 may
switch states between the state where the heat medium flows
from the chiller passage 15 to the battery passage 14 and the
state where the heat medium flows from the chiller passage
15 to the connection passage 16 by using two on-off valves,
or may switch channels to switch states among the three
states including the state where the heat medium flows from
the chiller passage 15 to the battery passage 14, the state
where the heat medium flows from the chiller passage 15 to
the connection passage 16, and the state where the heat
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medium flows from the chiller passage 15 to both the battery
passage 14 and the connection passage 16.

In the above-mentioned embodiments, the pump 53 is
disposed in the first heat circuit 10 and is operated in the
radiator-heating process to thereby pumps out the heat
medium. However, a plurality of pumps may be disposed in
the first heat circuit 10. For example, a pump configured to
circulate the heat medium in the circulation channel 112 and
a pump configured to circulate the heat medium in the
circulation channel 106 may be disposed individually.

Technical features described in the description and the
drawings may technically be useful alone or in various
combinations, and are not limited to the combinations as
originally claimed. Further, the art described in the descrip-
tion and the drawings may concurrently achieve a plurality
of aims, and technical significance thereof resides in achiev-
ing any one of such aims.

What is claimed is:

1. A heat management device configured to be mounted

on a vehicle, the heat management device comprising:

a first heat circuit in which a heat medium circulates, the
first heat circuit comprising a heat exchanger passage,
a radiator passage communicating with the heat
exchanger passage, and a battery passage communicat-
ing with the heat exchanger passage by bypassing the
radiator passage, the radiator passage communicating
with the heat exchanger passage by bypassing the
battery passage;

a heat exchanger configured to cool the heat medium in
the heat exchanger passage by heat exchange;

a battery disposed on the battery passage and configured
to be cooled by the battery passage;

a radiator configured to exchange heat between outside air
and the heat medium in the radiator passage;

a first control valve configured to change a channel of the
heat medium in the first heat circuit;

a first pump configured to pump out the heat medium in
the first heat circuit from the heat exchanger passage to
the battery passage and from the heat exchanger pas-
sage to the radiator passage; and

a controller,

wherein:

the battery passage comprises an upstream end, a down-
stream end, a first section from the upstream end to the
battery, and a second section from the battery to the
downstream end;

the heat exchanger passage is directly connected to the
downstream end of the battery passage and to a down-
stream end of the radiator passage at an upstream end
of the heat exchanger passage;

a downstream end of the heat exchanger passage is
directly connected via only the first control valve (i) to
the upstream end of the battery passage and (ii) to an
upstream end of the radiator passage;

the controller is configured to execute:

a heating operation by controlling the first control valve
and the first pump such that the heat medium in the
first heat circuit circulates between the heat
exchanger passage and the battery passage so as to
heat the heat medium in the battery passage by the
battery; and

a circulation operation by controlling the first control
valve and the first pump such that the heat medium
heated by the heating operation circulates between
the heat exchanger passage and the radiator passage
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without passing through the battery passage so as to
cool the heat medium in the radiator passage by the
radiator;
the heat management device further comprises a second
heat circuit and a third heat circuit;
the second heat circuit, in which a heat medium that is
independent from the heat medium circulating in the
first heat circuit circulates, comprises:

a chiller passage, a first condenser passage communi-
cating with the chiller passage, and an evaporator
passage communicating with the first condenser pas-
sage by bypassing the chiller passage, the first con-
denser passage communicating with the chiller pas-
sage by bypassing the evaporator passage;

a compressor disposed in the first condenser passage
and configured to supply the heat medium in the first
condenser passage downstream while compressing
the heat medium in the first condenser passage;

a condenser disposed in the first condenser passage
downstream of the compressor and configured to
cool the heat medium in the first condenser passage
by heat exchange between the heat medium in the
first condenser passage and a heat medium in the
third heat circuit:

a modulator disposed in the first condenser passage
downstream of the condenser and configured to
remove air bubbles from the heat medium in the first
condenser passage;

a first expansion valve disposed in the evaporator
passage and configured to decompress the heat
medium in the evaporator passage:

an evaporator disposed in the evaporator passage
downstream of the first expansion valve and config-
ured to heat the heat medium in the evaporator
passage and cool air in a vehicle cabin by heat
exchange between the heat medium in the evaporator
passage and the air in the vehicle cabin;

an evaporator pressure regulator disposed in the evapo-
rator passage downstream of the evaporator and
configured to control flow rate of the heat medium in
the evaporator passage to control the pressure in the
evaporator to be approximately constant;

a second expansion valve disposed in the chiller pas-
sage and configured to decompress the heat medium
in the chiller passage; and

a first three-way valve via which a downstream end of
the first condenser passage is connected to an
upstream end of the chiller passage and to an
upstream end of the evaporator passage:

the heat exchanger is configured to cool the heat medium
in the heat exchanger passage and heat the heat medium
in the chiller passage by heat exchange between the
heat medium in the heat exchanger passage and the heat
medium in the chiller passage; and

the controller is further configured to execute:

a battery cooling operation (i) by controlling the first
control valve and the first pump in the first heat
circuit such that the heat medium in the first heat
circuit circulates between the heat exchanger pas-
sage and the battery passage so as to heat the heat
medium in the battery passage by the battery and (ii)
by controlling the first three-way valve and the
compressor in the second heat circuit such that the
heat medium in the second heat circuit circulates
between the chiller passage and the first condenser
passage so as to cool the heat medium in the heat
exchanger passage and heat the heat medium in the
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chiller passage by heat exchange between the heat
medium in the heat exchanger passage and the heat
medium in the chiller passage; and

an air-cooling operation by controlling the first three-
way valve and the compressor in the second heat
circuit such that the heat medium in the second heat
circuit circulates between the evaporator passage and
the first condenser passage so as (i) to heat the heat
medium in the first condenser passage and cool the
heat medium in the third heat circuit and (ii) to heat
the heat medium in the evaporator passage and cool
the air in the vehicle cabin by heat exchange between
the heat medium in the evaporator passage and the
air in the vehicle cabin.

2. The heat management device of claim 1, wherein

the controller is configured to prohibit the heating opera-
tion in a case where a temperature of the battery is out
of a predetermined range, the predetermined range

being greater than or equal to 0° C.

3. The heat management device of claim 2, wherein
the controller is configured to prohibit the heating opera-
tion in a case where the temperature of the battery is

less than 15° C.

4. The heat management device of claim 1, wherein
the controller is configured to prohibit the circulation
operation in a case where a temperature of the heat

medium in the first heat circuit is less than 0° C.

5. The heat management device of claim 1, wherein

the controller is configured to simultaneously execute the
heating operation and the circulation operation by
controlling the first control valve such that the heat
medium in the first heat circuit flows from the heat
exchanger passage to both the battery passage and the
radiator passage.

6. The heat management device of claim 1, wherein

the controller is configured to alternately execute the
heating operation and the circulation operation by
controlling the first control valve.

7. The heat management device of claim 1,

wherein the third heat circuit, in which the heat medium
independent from the heat medium circulating in the
first heat circuit and the heat medium circulating in the
second heat circuit circulates, comprises:

a second condenser passage, a heater core passage
communicating with second condenser passage, and
a high-temperature radiator passage communicating
with the second condenser passage by bypassing the
heater core passage, the heater core passage com-
municating with the second condenser passage by
bypassing the high-temperature radiator passage;

a second pump disposed in the second condenser
passage and configured to pump out the heat medium
in the second condenser passage downstream;

a heater disposed in the second condenser passage
downstream of the second pump and the condenser,
which is disposed in the second condenser passage,
and configured to heat the heat medium in the second
condenser passage;

a heater core disposed in the heater core passage and
configured to heat the air in the vehicle cabin by heat
exchange between the heat medium in the heater
core passage and the air in the vehicle cabin;

a high-temperature radiator disposed in the high-tem-
perature radiator passage and configured to cool the
heat medium in the high-temperature radiator pas-
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sage by heat exchange between the heat medium in
the high-temperature radiator passage and the out-
side air; and

a second three-way valve via which a downstream end
of the second condenser passage is connected to an
upstream end of the heater core passage and to an
upstream end of the high-temperature radiator pas-
sage, and

wherein the controller is configured to execute:

the air-cooling operation by controlling the second
three-way valve and the second pump in the third
heat circuit such that the heat medium in the third
heat circuit circulates between the second condenser
passage and the high-temperature radiator passage so
as to cool the heat medium in the high-temperature
radiator passage and heat the heat medium in the
second condenser passage;

the battery cooling operation by controlling the second

three-way valve and the second pump in the third
heat circuit such that the heat medium in the third
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heat circuit circulates between the second condenser
passage and the high-temperature radiator passage so
as to cool the heat medium in the high-temperature
radiator passage and heat the heat medium in the
second condenser passage; and

the heating operation (i) by controlling the first three-

way valve and the compressor in the second heat
circuit such that the heat medium in the second heat
circuit circulates between the chiller passage and the
first condenser passage so as to heat the heat medium
in the chiller passage and (ii) by controlling the
second three-way valve and the second pump in the
third heat circuit such that the heat medium in the
third heat circuit circulates between the second con-
denser passage and the heater core passage so as to
heat the heat medium in the second condenser pas-
sage and heat the air in the vehicle cabin by heat
exchange between the heat medium in the heater
core passage and the air in the vehicle cabin.

#* #* #* #* #*



